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Artificial Inorganic Antibodies
BACKGROUNDQuoting liberally from the Wikipedia (Antibody ), antibodies are gamma globulin proteins that are found in

blood or other bodily fluids of vertebrates, and are used by the immune system to identify and neutralize

foreign objects, such as bacteria and viruses. Although the general structure of all antibodies is very similar, a

small region at the tip of the protein is extremely variable, allowing millions of antibodies with slightly different

tip structures, or antigen binding sites, to exist. This region is known as the hypervariable region. Each of

these variants can bind to a different target, known as an antigen. This huge diversity of antibodies allows the

immune system to recognize an equally wide diversity of antigens. The unique part of the antigen recognized

by an antibody is called an epitope. These epitopes bind with their antibody in a highly specific interaction,

called induced fit, that allows antibodies to identify and bind only their unique antigen in the midst of the

millions of different molecules that make up an organism. Recognition of an antigen by an antibody tags it for

attack by other parts of the immune system. Antibodies can also neutralize targets directly by, for example,

binding to a part of a pathogen that it needs to cause an infection.

There is ongoing research related to the development and production of artificial antibodies that is based on

use of organic or “quasi-organic” materials such as polymers: 1996 , 1999 , 2002 , 2008a , 2008b ,

and 2008c . The proposed approach focuses on development of inorganic materials with pre-engineered,

antibody-like properties and functions.HYPOTHESIS
It is possible to create artificial inorganic antibodies (AIAs) by designing 3-D electric fields representing their

antigen binding sites (hypervariable regions) such that they will effectively perform the functions of their

organic counterparts.
APPROACH

The first step will be to develop a capability to probe and measure the microstructure of the 3-D electrical

field in the immediate vicinity of the complex organic molecules. The second step will be to learn how to

design and generate the molecule-scale electrical field configurations of arbitrary 3-D geometry by using

composite inorganic nano-materials. The outcome of the first two steps will be the ability to design pre-

specified antigen binding sites for any arbitrary type of an epitope. Residence time of the AIA in a human

body vis. that of the natural antibodies must be addressed.
APPLICATIONSThe artificial inorganic antibodies will assist the humoral immune system in selectively targeting bacteria and

viruses. The industrial manufacture of large amounts of AIAs will to swiftly respond to viral or bacterial

epidemics at the very early stages by either replicating the antibodies produced in human bodies or by

studying the relevant viruses and bacteria and designing and manufacturing the appropriate AIAs in required

amounts. The design features and manufacture of AIAs can be dynamic and follow the evolution of the

viruses and bacteria during an epidemic, as needed. Other possible applications of AIAs include their use in

the instruments detecting pathogens and bacterial and viral proteins and protein fragments in the laboratory or

field environment.

PROJECT TEAM
A project team including specialists from different fields is required to develop a full-length proposal
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Cancer Treatment by Monochromatic Electromagnetic

RadiationPROPOSED TREATMENT
Since cancerous and normal cells respond differently to electromagnetic radiation with spectrum ranging from

infrared to UV, a treatment is proposed based on targeted delivery of electromagnetic radiation of

appropriate intensity and frequency to the tissue of the affected organ.

DIFFERENTIATION OF RESPONSE

To enhance selectivity in response from the cancerous and normal cells to the electromagnetic radiation, two

parameters are used in parallel: rate of electromagnetic energy deposition and specific frequency of the

monochromatic electromagnetic radiation.

DELIVERY OF ELECTROMAGNETIC RADIATION

The radiation will be delivered to the location of cancerous cells through fiber optic micro-probes capable of

penetrating tissues on their way to the affected organ without causing appreciable damage to the healthy

tissues outside and inside of the treated organ.

PATH FORWARD1. Literature search on cancerous and normal cells response to electromagnetic radiation of varying intensity

and frequency2. Conduct experiment using different sources of monochromatic electromagnetic radiation (e.g., infrared

lasers)
3. Develop and test the micro-probes for delivery of monochromatic electromagnetic radiation
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Pixel spectrometer
BACKGROUNDAstronomers need to measure the energy of visible light photons for many reasons; specifically,

spectroscopy allows measurement of the composition of objects, and the wavelength shift of objects in the

distant universe due to the expansion of the universe can be used to determine the distance to the object.

Today, imaging of objects and spectroscopy are done with completely different instruments; spectroscopic

observation is done with a grating or prism that separates light by frequency, and images are taken with

CCD's that simply integrate any photon. Bandpass filters are placed in front of the CCD and images are

taken in a number of different wavelength bands (somewhere between 5 and 10 filter bands is common) to

make a crude spectrum.
Mickey Chiu in the Physics Department first suggested the possibility that one could make a device that

would measure the energy of the photon as well as its position, thus making a pixel spectrometer. It appears

that there has been some work done on this: ESA has developed a device based on a Josephson junction

[1]  which has some promise. But, clearly there is a long way to go to make a practical device.

An ideal device would have pixels that could be 10-20 microns across; high quantum efficiency; good energy

resolution on photons between 300 and 1000 μ; no dead area around the pixel; a way to read them out that

doesn't interfere with the optics; low noise. Probably, not all of those things can be realized in a single

device, but it is worth speculating about ways this could be done, because it would transform the way optical

astronomy is done.PROPOSALThe following steps are proposed to explore the possibility of designing a Pixel Spectrometer with

parameters suggested above:

1.
2.

3.
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